Internet resources, it has resulted in wide-spread public scientific information, particularly in rare diseases. We present a case of AKU patient described with two novel HGD mutations who visited Hanyang University Medical Center based on self-diagnosis via web searching.
Introduction
Alkaptonuria (AKU, OMIM: 203500) is a rare autosomal recessive disorder of tyrosine metabolism caused by a deficiency of homogentisate 1,2-dioxygenase (HGD) activity. This enzyme is responsible for converting homogentisic acid (HGA) to maleylacetoacetic acid in the tyrosine degradation pathway [1] . The major clinical findings of AKU are the dark urine, ochronosis, and arthritis of the spine and larger joints which is caused by accumulation of HGA and its oxidation products on connective tissue and joints [1] . Urine discoloration is apparent since young childhood, but darkening may not occur for several hours after voiding. Ochronosis and arthritis occur after third decades of life. The effective treatment for AKU is not exist, but administration of 2-nitro-4-trifluoromethylbenzoyl-1,3-cyclohexanedione or nitisinone has been proposed [2, 3] . With the expansion of the patient have search his symptoms on the Internet. He identified his urine color as similar to patients with AKU, and he concluded he might suffer from AKU.
His height was 176.7 cm (50th to 75th percentile), and weight was 61.7 kg (50th percentile). On physical examination, ochronosis was found on right external ear concha. However, neither other skin color change nor joint abnormalities was found. There was no cardiac murmur by heart auscultation. Because the patient and we suspected him strongly as AKU, he was performed urine analysis of HGA and HGD gene analysis at the first visit. Random urine level of HGA was above than 500 mmol/mol creatinine (reference, <2 mmol/mol creatinine). Because commercial single gene testing for HGD is not available in our country, we performed targeted exome sequencing for differential diagnosis. DNA sequencing was performed using the Illumina Miseq platform (Illumina, Inc., San Diego, CA, USA) and the TruSight One sequencing panel (Illumina, Inc.), which includes 125,395 probes targeting a 12-Mb region spanning 4,813 genes. Sequencing reads were aligned to human reference genome (hg19) using Burrow-Wheeler alignment program (BWA, ver. 0.7.12). Genome Analysis Toolkit (GATK, ver. 3.5) and Sequence Alignment/Map tools (SAM, ver. 0.1.19) were used for single nucleotide polymorphism variant calling from aligned sequence reads. After removing duplicates with PICARD (https://broadinstitute.github.io/picard/), annotation was done by Variant Effect Predictor. Compound heterozygous mutations were identified in the HGD gene: IVS5+3A>C; IVS12+6T>C (Fig. 1) . The former splicing mutation was previously reported [4] and the latter is novel variant. The patient's unaffected parents were carriers (Fig. 1) . Since the parent's siblings did not have any symptoms, they and their parents did not want to carry out urine or genetic testing. The novel splice variant, IVS12+6C>T was not detected in normative population databases (1000 Genomes browser, http://browser.1000genomes.org/; NHLBI Exome Sequencing Project Exome Variant Server (http://evs.gs.washington.edu/ EVS/; gnomAD, http://gnomad.broadinstitute.org/) and was predicted deleterious on acceptor site using In Silico software programs including NNSPLICE 0.9 version (http://www.fruitfly. org/seq_tools/splice.html) and EX-SKIP (http://ex-skip.img.cas. cz/).
After the diagnosis, we described the potential complications and disease course that may occur to the patient. Because he lives in United States, we recommended subsequent follow-up evaluation there.
Discussion
The HGD gene mutation results in deficient levels of functional HGD, which is leads to excess levels of HGA [5] . Large amounts of HGA lead to dark urine on exposure to oxygen, which is caused by the oxidation and polymerization of HGA [6] . Also, HGA and its oxidation products accumulate in connective tissue leading to ochronosis [1] . Ochronotic arthritis is a longstanding finding in patients with AKU [1] . Usually, joint symptoms and cardiac involvement are reported in the third and fourth decades of life, therefore joints and cardiac evaluations are recommended. Initially, however, dark urine is first symptom in infant to adolescence period and is known to occur early phase in this disease before a joint or connective tissue manifestations [6] . As our case, dark urine can be the only clinical feature of AKU patients, so clinician needs to perform a differential diagnosis.
The HGD gene consists of 14 exons and encodes 445 amino acids [7] . To date, more than 110 different disease-causing mutations have been reported (http://www.hgmd.cf.ac.uk). Missense substitutions and splice site mutations are common types of mutations. The splicing mutation of IVS5+3A>C was reported in a Chinese Han child with AKU, which is a donor splice site of the exon 5 and exon-intron junction [4] . No apparent correlation between genotype and the level of excreted HGA was reported [8] . It might be explained that for a patient to manifest AKU symptoms, a loss of more than 99% of the residual enzymatic activity is required, thus most patients have similar functional activity of HGD [8] .
The therapeutic options for patients with AKU remain challenging and limited to palliative analgesia and arthroplasty. Nitisone, a competitive inhibitor of the enzyme 4-hydroxyphenylpyruvate dioxygenase, decreased the formation of HGA. This drug has been used in patients with tyrosinemia type I [9, 10] . Recent study for nitisone administration of 2 years in patients with AKU decreased urinary HGA excretion [11] . The large scaled and long-term study on clinical effect on cardiac, renal, and joint should be needed of administration of nitisone.
This case demonstrates the utility of publicly available Internet search engines for rare metabolic disease. The open resources on rare diseases would have the potential of increasing the understanding of rare diseases and improving diagnostics. He has observed continuous urine discoloration, thus he found the urine photographs in google to find his disease. Similarly, recent study has been reported that some lysosomal storage disease including Fabry disease and mucopolysaccharidosis type I were diagnosed using Internet-based searching by patients [12] . Because the prevalence of these genetic disease is too low and the many physicians have not experienced of this disease, and rather patients diagnosed by themselves who are highly interested in their health state. These cases showed patients role is changing from passive recipients of medical care to active consumers of health services.
AKU was first reported in 2006 and diagnosed by urine homogentistic acid level measurement without genetic analysis in South Korea [13] . Since then, there has been a report of ochronotic arthropathy in the Department of Orthopedic Surgery, and no genetic analysis has been conducted [14] . As far as we know, this is the first case confirmed by genetic diagnosis.
In conclusion, this case is the first genetically confirmed AKU patient in Korea with a novel variant in HGD gene. This case illustrates the utility of publicly available Internet resources for diagnosis of rare disease.
